Background: Despite promising outcomes of antiretroviral therapy (ART), challenges to improving adherence among youth living with HIV (YLWH) exist. Mobile games are popular among youth and may improve skills related to resilience, coping, and ART adherence. This study examines the preliminary effects of an iPhone game/app on ART adherence, viral load, and relevant knowledge and attitudes among YLWH in Jackson, MS. Methods: A RCT with 61 YLWH tested the impact of BattleViro, an ART-related iPhone game, over 16 weeks. Participants, ages 14-26, were recruited from HIV clinics and randomly assigned to receive BattleViro or a non-HIV-related game. All participants received a medication monitoring device. Chi-square and t-test analyses examined baseline differences between conditions. Continuous outcomes were examined using analyses of covariance (ANCOVAs) controlling for baseline scores. Cohen's d effect size differences (ESD) between groups were calculated. Results: The sample was 79% male, 97% Black, and 74% non-heterosexual, with a mean age of 22 years. A third had started ART in the past 3 months. There were no demographic differences between conditions. Examination of ESDs revealed that BattleViro demonstrated promising, but nonsignificant, improvements in HIV knowledge (ESD = 0.50), ART knowledge (ESD = 0.42) and social support (ESD = 0.62). Exploratory moderation analyses revealed interactions between BattleViro and newly starting ART. Those newly starting ART in the BattleViro condition, compared to those in the control, experienced a 0.96 log greater decrease in viral load (ESD=−2.21, F = 4.33, p = 0.04), better adherence (71% vs. 48%; ESD = 1.15, F = 3.90, p = 0.05), more HIV knowledge (ESD = 0.90), and more ART knowledge (ESD = 0.72). Conclusion: BattleViro showed promising improvements in HIV knowledge, ART knowledge and social support. Also, there was improved adherence and viral load outcomes specifically among those newly starting ART. ART initiation may be an opportunity to empower and motivate YLWH to build healthy skills.
Introduction
Antiretroviral medications can allow youth living with HIV (YLWH) to manage their infection as a chronic, rather than an imminently life-threatening disease (Kim, Gerver, Fidler, & Ward, 2014; Patel et al., 2008; Resino et al., 2006) . Adherence to antiretroviral treatment (ART) leads to decreased incidence of opportunistic infections, improved growth and development, decreased morbidity and mortality, decreased hospitalizations, and reduced risk of HIV transmission (Bain-Brickley, Butler, Kennedy, & Rutherford, 2011; Evans et al., 2013) . However, these favorable outcomes can only be achieved when youth (i.e., those ages 15-24) take their medications as prescribed and maintain consistent medical care (Bain-Brickley et al., 2011) . Unfortunately, YLWH have poor rates of adherence to antiretroviral treatment (ART), are at great risk for being lost to follow-up, and are less likely to have suppressed viral loads compared to adults (Chandwani et al., 2012; MacDonell, Naar-King, Huszti, & Belzer, 2013) . YLWH often have life stressors that may interfere with their ability to adhere to medical care such as poverty, stigmatization, and limited social support (Brown, Lourie, & Pao, 2000) . Furthermore, adolescence and young adulthood is an age-related period characterized by mood instability, impulsivity, decreased motivation for planning, and less parental monitoring (Belzer, Fuchs, Luftman, & Tucker, 1999; Reisner et al., 2009) .
There is an urgent need for innovative and rigorously tested interventions to improve adherence for YLWH. Reviews of ART adherence interventions for YLWH have identified studies with methodological issues such as a lack of theory or not having a comparison group (Navarra et al., 2017; Reisner et al., 2009) . For example, a Cochrane Review of interventions to improve adherence to ART among YLWH identified only four interventions (all face-to-face) and the results of which were inconsistent (Bain-Brickley et al., 2011) . There is no definitive, scalable, evidence-based intervention to improve adherence for YLWH.
Interventions to improve adherence to care for youth living with other illnesses, such as asthma, cancer and diabetes have shown that improving motivation and behavioral skills can bolster resilience, decrease distress, and improve adherence (Kato, Cole, Bradlyn, & Pollock, 2008; Stokes, 2005) . Resilience, broadly defined as the capacity and skills to confront life challenges, can be a target for prevention and intervention programs for youth. Interventions can focus on resilience factors that can be measured and improved, such as self-efficacy, motivation, and support seeking (Furniss, Barber, Lyons, Eliasson, & Blandford, 2014; Johnson et al., 2003) . This project developed a multilevel gaming intervention that uses cutting-edge and appealing mobile technology to empower youth to improve adherence by increasing information, motivation, behavioral skills.
Mobile and gaming interventions are particularly compelling for use with youth (Anderson, 2015; Hightow-Weidman, Muessig, Bauermeister, LeGrand, & Fiellin, 2017) . Youth have high rates of mobile phone use with more than 90% of 15-24 year olds owning a mobile phone (Anderson, 2015; Hightow-Weidman et al., 2017) . Technologies, such as the smart phone, play an increasingly significant role in the lives of adolescents and young adults as devices communicate information, reinforce cultural norms, and influence personal identity and behaviors. Additionally, gaming is popular among youth. In the United States, 99% of teenage males and 94% of teenage females play video games, and 46% of all video gaming occurs on mobile phones or portable devices (Anderson, 2015; Raney, Smith, & Baker, 2006) . The widespread appeal of gaming among youth creates a unique opportunity to deliver interventions to YLWH during leisure time and outside of the clinic (Lee & Peng, 2006; Lieberman, 2006) .
Unfortunately, there is a lack of controlled trials related to interventions for YLWH. A review specifically examining gaming interventions for YLWH from NIH Reporter did identify five digital games to improve ART adherence that are in development or testing (including our intervention described here) (Hightow-Weidman et al., 2017) . However, there are no published, controlled trial outcomes utilizing mobile gaming interventions to improve adherence to ART for YLWH that we can find. There is a published paper which describes the development of "Epic Allies," a game to improve ART uptake and adherence among young men who have sex with men (YMSM) and transgender women who have sex with men. In this game, players can interact with each other, earn tokens for taking medications, and read health related articles (LeGrand et al., 2016) .
Mobile and video game interventions have been tested in youth with diabetes, cancer, and asthma. These interventions have been most successful in influencing health behavior when they involved the use of story and fantasy and if they utilized theories of behavior change (Cole, Kato, Marin-Bowling, Dahl, & Pollock, 2006; Homer et al., 2000; Kato et al., 2008; Shames et al., 2004) . Building on this knowledge and the need for innovative adherence interventions, we developed a multi-level gaming intervention for youth living with HIV guided by the Information Motivation and Behavioral Skills (IMB). This gaming intervention, using an asset model, also promoted self-mastery and social support for adherence.
This study reports the results of a small, 16 week, randomized controlled trial that tested BattleViro (an iPhone gaming adherence intervention with game related text messages) among 61 YLWH. The project assessed the impact on participants' medication adherence and viral load, as well as, ART-related knowledge, motivation, social support, and self-efficacy. It was hypothesized that participants receiving BattleViro, compared to those receiving a non-HIV-related game, would have and greater improvements in adherence, viral load, knowledge, motivation, social support and self-efficacy.
Methods

Intervention development
Intervention development was guided by qualitative interviews with a diverse group of 30 YLWH (20 from Rhode Island; 10 from Mississippi) and the details on intervention development and initial acceptability are reported elsewhere (Whiteley, Brown, Curtis, & Heck, 2014; Whiteley, Brown, Lally, Heck, & van den Berg, in press) . YLWH were queried about how information, motivation and behavioral skills influenced their adherence to medication and medical appointments (Fisher, Fisher, Amico, & Harman, 2006) . Interviews revealed a number of themes related to empowerment and resilience to stressors of living with HIV. The motivational themes included the desire for the game and messages to enhance future orientation, improve perceived social support, and increase personal relevance of HIV care. Participants wanted the intervention to reinforce positive influences from doctors, partners, and friends. Behavioral skills themes centered around self-efficacy for medical adherence and strategies for reinforcing routines.
Empowerment themes included the desire for mastery by "fighting" or "destroying" HIV in the body with weapons. Youth also wanted to earn points for "taking" or "swallowing" pills. YLWH also desired empowering game-related text messages with gaming graphics to engage gamers in play. Participants wanted congratulatory messages if they were >90% adherent as per Wisepill measurement. If participants were less than 90% adherent, as per Wisepill, they desired text messages to encourage and remind them to take their medication. The majority of participants also wanted text messages to last 2 months (or 8 weeks), stating that texts beyond this time would lose their appeal or even become annoying (See Figure 1 ). Participants suggested that gender and frequency of playing games might be related to the impact of BattleViro. Also, they suggested that adherence-related text messages be sent twice weekly. YLWH from both Rhode Island and Mississippi were in general agreement with the desired content and game play.
Using data from these interviews, the iPhone game/ app, named BattleViro, was developed by the investigators and a software development company (Mission Critical Studios, 2012) . In BattleViro, YLWH battle HIV, engage with healthcare providers, and take medication. While building skills, they move to new, distinctive levels (arterial system, lungs, kidneys, liver, eyes, and brain) (See Figure 2(a) ). Messages from the doctors, nurses and friends encourage and provide clues during difficult twists and turns in the battle. Answering quiz questions from clinician avatars allows players to earn strength and points; wrong answers are corrected and explained (See Figure 2(b) ). In the development phase of this project, participants rated the game using standardized scales (Whiteley et al., 2014) . They found the game enjoyable and useful. For example, 82% felt they would recommend the intervention to a friend and 95% felt it was relevant to their lives.
Procedures
All project procedures and materials were approved by institutional review boards at Rhode Island Hospital and University of Mississippi Medical Center (UMMC). Participants were recruited from HIV clinics in the greater Jackson, MS area. To be eligible, study participants needed to be: (1) 14-26 years of age, inclusive;
(2) in medical care for HIV and receiving or starting ART; (3) aware of their HIV status as per clinician and clinical record; (4) have a detectable viral load at study entry as measured by blood testing within a month of screening; (5) understand written and spoken English; and (6) able to give consent/assent. Participants were excluded from the study if it was determined that the participant was impaired by cognitive or medical limitations as per clinical assessment. Research staff obtained consent from participants over the age of 18 and obtained parental consent and adolescent assent for those under 18 years of age.
Participants in the intervention arm received Battle-Viro on a smart phone provided by the study, an electronic pill monitoring device, and twice weekly gamerelated text messages guided by monitoring device data. Participants with perfect adherence were sent texts of congratulations (e.g., "Great job in Battle. You are winning!") and others were sent motivational texts (e.g., "Get back in battle! Take your dose! See Figure  1 ). Throughout the intervention, participants in both conditions continued clinical care visits in their HIV clinic. Participants in treatment as usual plus (TAU+) condition received a non-HIV related mobile game on a smart phone provided by the study and an electronic pill monitoring device. The non-HIV-related game (Dr. Nano X: Incredible Voyage Inside the Body) had been developed by Mission Critical Studios and was stylistically similar to BattleViro. TAU+ was designed to have many similarities (access to a non-tailored game + electronic pill monitoring) but did not contain the crucial and defining elements of BattleViro (e.g., HIV-related game, integration between the electronic pill monitoring device and adherence-related text messages). 
Randomization and 16 week study timeline
At the completion of the baseline questionnaire, participants were randomized to intervention condition via REDCap (Harris et al., 2009 ) using stratification based on gender and frequency of gaming (daily gamer versus not) as suggested by our developmental interviews. All participants received the electronic pill monitoring device after the assessment in order to establish their baseline medication adherence rate. After two weeks, participants returned to receive their study phones, which had a cell plan for the study period, and their assigned intervention game (BattleViro or non-HIVrelated game). Participants in both conditions continued to have their phones, assigned games, and pill monitoring device for the next 14 weeks. Participants in Battle-Viro received adherence-related text messages for the first eight weeks after receiving their game while TAU+ did not. After the eight-week BattleViro texting period, the adherence text messages stopped, and all participants had four additional weeks of use of study phones and their assigned game.
Measures
Participants completed audio computer-assisted selfinterview (ACASI) assessments at baseline and at study end (week 16). Study data were collected and managed using REDCap, a HIPAA compliant, secure, web-based application designed to support data capture for research studies (Harris et al., 2009) .
Demographics
Participants reported demographic information including age, gender, race, ethnicity, educational level, sexual orientation, current housing situation and stability of housing, gaming history (daily or almost daily vs. not every day), time since starting ART (three months or less vs. more than 3 months), and health literacy ("how often do you need help understanding materials from a doctor or pharmacy?").
Biological outcome
HIV-1 Viral Load. Viral load (HIV-1 RNA PCR) was measured by the medical clinic laboratory at study entry and within a month of the final assessment.
Behavioral outcomes
Self-report ART adherence. Youth reported the number of doses they were prescribed per day and estimated the number of doses they had missed in the past seven days. Past 7-day adherence at baseline and at week 16 was calculated and is reported as a proportion.
Adherence measured by electronic pill monitoring device. Participants were given a Wisepill monitoring device two weeks before they received their study phone and game, in order to assess their baseline adherence levels prior to using the game and phone. Each opening of the Wisepill dispenser is wirelessly relayed the data to Wisepill's secure network. The past 7-day Wisepill adherence was calculated based on the total number of prescribed doses and the total number of missed doses and is reported as a proportion. Adherence is reported for the pre-game period, as well as four and eight weeks after receiving the study phones and games. These time points correspond to the middle and end of the adherence-related text period for the Bat-tleViro condition.
Measures of related knowledge, attitudes and behaviors
HIV and ART knowledge scales. The HIV Treatment Knowledge Scale assessed knowledge about complex treatment issues such as adherence, side effects, and drug resistance, using items with "true," "false," or "do not know." Items included True/False statements such as "One can get infected with a drug-resistant type of HIV." The original 21-item scale's alpha is reported as 0.90 among adults (Balfour et al., 2007) . Five items were selected for this project to represent distinct domains of knowledge about HIV. The alpha for this sample is 0.37. This low alpha was not unexpected due to the selection of only a few items each with a distinct and different content area.
ART treatment knowledge Was assessed using three Likert-style items with five response options ranging from "Strongly Disagree" to "Strongly Agree" Items included "I know what the possible side effects of each of my HIV medications are" and "I understand how each of my HIV medications works to fight HIV in my body." Higher scores on both scales indicate greater knowledge (Fisher et al., 2006; LifeWindows Project Team, 2006) . The reported alpha among adults living with HIV is 0.65 (Konkle-Parker, Amico, & McKinney, 2014) and in our sample the alpha is 0.69.
ART motivation. Personal and social motivations for ART were measured by a four Likert-style items (Fisher et al., 2006; LifeWindows Project Team, 2006) . Items included "I am worried that other people might realize that I am HIV infected if they see me taking my HIV medications" and "It upsets me that the HIV medications that I have been prescribed can cause side effects". Response options ranged from "Strongly Disagree" to "Strongly Agree". Higher scores indicate greater motivation for ART. The reported alpha among adults living with HIV is 0.79 (Konkle-Parker et al., 2014) and in our sample the alpha is 0.68.
Self-efficacy for ART use. Five Likert-style items assessed perception of the ability to perform the necessary ART skills (Fisher et al., 2006; LifeWindows Project Team, 2006) . Items included "How hard or easy is it for you to take your HIV medications when your usual routine changes?" and "How hard or easy is it for you to take your HIV medications when you do NOT feel good physically?" Higher scores indicate greater perceived ability. The reported alpha among adults living with HIV is 0.87 (Konkle-Parker et al., 2014) and in our sample the alpha is 0.84.
Social support. Six Likert-style items measured social support for taking medications, going to medical appointments and other tasks related to adherence using four-point scales. The reported alpha among adults is 0.92 (Cutrona & Russell, 1987) and in our sample the alpha is 0.77.
Psychological distress. Psychological distress was assessed by the Global Symptom Index of the 18-item Brief Symptom Inventory (BSI-18) (Derogatis & Spencer, 1983) . Participants reported the severity of 18 symptoms in the past seven days. The reliability, validity, and utility of the BSI instrument have been tested in more than 400 research studies in adolescents and adults. The reported alpha among youth living with HIV is 0.85 (Brown, Whiteley, Harper, Nichols, & Nieves, 2015) and in our sample the alpha is 0.94.
Sexual activity. The Risk Behavior Assessment is a reliable and valid computer-assisted structured interview assessing self-reported sexual behaviors (Donenberg, Emerson, Bryant, Wilson, & Weber-Shifrin, 2001) . It assesses type of sexual behavior (i.e., anal, oral, vaginal) in the past 3 months, frequency of sex, and number and gender of partners. This assessment has been shown to be sensitive to the impact of interventions and developmental progression. 
Data analysis
With a projected enrolment of 65 YLWH and an estimated 10% attrition, power was .80 to detect large treatment effect sizes (0.72 or greater) between intervention conditions in Analyses of Covariance (ANCOVA), controlling for pretest scores (p < 0.05). YLWH who completed both baseline and the follow-up assessment (n = 61) were compared to those who completed baseline only (n = 5). Independent F-tests and Chi-square analyses were conducted to examine whether differences existed between conditions on baseline. Scale outcome scores were analyzed using ANCOVA, adjusting for baseline scores and any demographics found significant at baseline. As this was an exploratory intervention with a modest sample, Cohen's d was calculated to estimate intervention effect sizes (using the recommended interpretations of d ≥ 0.2 representing a "small" effect size, d ≥ 0.5 representing a "medium" effect size and d ≥ 0.8 a "large" effect size) (Kelley, 2007) . As this was an exploratory intervention study, demographic factors that could be associated with the impact of the iPhone gaming intervention (gender, age, gaming frequency, time since starting ART) were examined in interaction terms between the factors and intervention condition in ANCOVAs, controlling for baseline scores. Data were analyzed using SPSS 22.0.
Results
See the CONSORT diagram ( Figure 3 ) for details of recruitment, enrollment and retention. Sixty-six participants were enrolled and completed baseline assessment. Of this group, five either withdrew or did not participate in study activities. There were no differences in demographic or outcome variables between the five nonparticipants and the 61 participants, who form the sample for these per protocol analyses (data not shown). Thirty-two participants were randomized to BattleViro and 29 to TAU + . No differences in demographic variables were found between intervention groups at baseline (See Table 1 ). Ten participants were missing viral load data at the follow-up because of not attending a clinic visit during the study period. Participants missing follow-up viral load data were more likely to be in the BattleViro intervention (23% vs. 10%, p = 0.06) but otherwise there were no demographic or differences in outcome variables at baseline between conditions. Non-imputed viral load data is presented in tables and figures. Because 16% of the follow-up viral load data was missing, imputation was performed for significance testing using the "last value carried forward," (i.e., the participant's baseline viral load). This procedure is the most conservative imputation method and is least likely to over-estimate the impact of BattleViro in this study, since there were more cases missing in the BattleViro condition.
Age of participants ranged from 15 to 25 years (mean of 22 years). The sample was 79% male, 97% Black, and 74% non-heterosexual. More than one-third of the sample (36%) was newly starting ART (≤3 months). All participants had detectable viral loads (mean 3.82 log viral load) at baseline. Eighty one percent reported oral, anal, or vaginal sex in the past three months and 88% reported condom use at last sex. Participants reported an average level of distress (mean= 0.9, T score of 50) on the Global Symptom Index of the BSI. Participants self-reported high rates of past 7-day ART adherence (mean of 89% of adherence) at baseline. In the week before participants received their study phone and game, mean Wisepill adherence was 63% (SD: 0.35).
Intervention outcomes
Examination of effect size differences between groups indicated medium effects for BattleViro on improvements in HIV knowledge (d = 0.5), ART knowledge (d = 0.42), and social support (d = 0.62) but there were no statistically significant differences at follow-up between conditions (see Table 2 ). Contrary to expectations, there was more improvement in ART motivation in the control condition (d = −0.41), although nonsignificant. The following outcomes were observed in the entire sample (intervention plus control groups combined). The entire sample had a significant reduction in viral load at posttest (3.78-1.67, F= 4.3, p= 0.04); self-reported adherence remained high (mean of 89% at pre and posttest, F = 0.56, p = 0.46) and
Wisepill-rated adherence decreased significantly over time (mean of 63-42%, F = 9.17, p < 0.01).
Potential moderators of intervention impact
We explored the impact of gender, age, newly starting ART, and gaming frequency in the interaction between the factors and intervention conditions in separate ANCOVAs, controlling for baseline scores. Only time on ART showed interaction effects at follow-up. See Table 3 for outcomes among those starting ART within the past three months and significance testing for the interaction between newly starting ART and intervention condition. Those in BattleViro, who had newly started ART, experienced a 0.96 log greater decrease in viral load (effect size difference of −2.21) compared to those newly starting ART who were in the control group (F = 4.33, p = 0.04 for the interaction effect in ANCOVA with the entire sample). Similarly, those newly starting ART in BattleViro had better adherence at post-test, as measured by Wisepill, than those in the control who were newly starting ART (71% vs. 48% adherence at posttest; effect size difference of 1.18, F = 3.20, p = 0.05 for the interaction effect in ANCOVA the entire sample) (See Figures 4 and 5) . Among those newly starting ART, Battle Viro also demonstrated an impact on HIV-related knowledge (effect size difference of 0.90), ART-related knowledge (effect size difference of 0.72). Also, ART motivation increased more in the control condition newly starting ART (effect size difference of −0.71), although the interaction was nonsignificant.
Discussion
Findings from this small trial suggest that the gaming intervention was most effective with YLWH who were new to ART and had a positive influence on reducing viral load, improving medication adherence, HIV knowledge, ART knowledge, and social support. The clinical period of ART initiation is a "teachable moment" and an opportunity to empower and motivate YLWH to engage in healthy behaviors during a natural transition stage (McBride, Emmons, & Lipkus, 2003; . Building motivation and skills for self-care at the point of treatment initiation can promote resilience against the challenges of living with HIV and adhering to medical care. Taking advantage of this naturally occurring clinical transition point could increase the effectiveness of interventions for YLWH (Bangsberg, 2011; Lima et al., 2010; Rosenblum, Deeks, Van Der Laan, & Bangsberg, 2009) . Although this time period is critical, there is a dearth of interventions for YLWH who are newly starting ART .
In our study, there were no differences in demographic characteristics between those newly starting ART compared to those who had been on ART for longer periods of time (data not reported in paper). However, challenges to ART adherence for those who have lived with HIV for longer periods of time could 11.5 (7) 15.6 (5) 6.9 (2) Undecided 4.9 (3) 3.1 (1) 6.9 (2) Global symptom index (M(SD)) 0.9 (0.9) 1.0 (1.1) 0.9 (0.8) 0.04 0.97 *n < 61.
be different and unique. Living with chronic HIV and frequently co-morbid illnesses for many years (e.g., depression and substance use) will influence engagement in treatment and relationships with healthcare providers. Improving self-care may be especially challenging for patients who live in chaotic circumstances and do not have a pattern of self-care in other health areas. The first few months after receiving a HIV diagnosis could be a window of opportunity in which there is inherent flexibility. The ART initiation period may be a particularly good time to improve relationships with clinicians and supportive friends, as well as build resilience and feelings of empowerment. Additionally, those newly starting ART may be more open to the presentation of knowledge and skills through a fun, non-stigmatizing game, while those who have been living with HIV for longer may find this method less helpful, or even superficial. Life-long feelings of stigma, as well as mental health issues that stem from living with a chronic disease for many years may not be adequately addressed in a brief gaming intervention. Participants newly starting ART who received Battle-Viro had significantly decreased viral load and maintained their adherence. In addition, their perception of social support and HIV and ART related knowledge improved. However, self-efficacy was unchanged, and motivation improved more in the control group. These findings were surprising. It is possible that greater knowledge and social support, rather than self-efficacy and motivation, were the primary factors in improving ART adherence. Also, factors not measured by this study may have been improved by BattleViro such as empowerment, perceived health, or acceptance of HIV diagnosis and treatment. In addition, the motivation and self-efficacy scales may not have accurately captured the constructs. Participants rated their ARTrelated behavioral ability as very high at baseline, so there was little room for improvement on this measure. There could have been comprehension difficulties with the motivation scale, as many of the items expressed a lack of motivation, so participants had to "Disagree" with the statement in order express motivation for ART. If this was a systematic misunderstanding, then the effect size difference between groups might reflect better, rather than less, motivation in the BattleViro group. Inquiry into scale comprehension and further scale development is needed for ART motivation and self-efficacy. Interestingly, this iPhone game/app was not influenced by gender, age, or extent that participants engaged in playing other games or past experience of "gaming." This finding may demonstrate BattleViro's widespread appeal. Our sample included participants who were 15-25 years of age; however, the game could be successful in improving adherence for those newly starting ART who are older. Data from the Pew Research Center Survey on technology use shows that gaming is extremely popular among older adults. Six-in-ten Americans ages 18-29 and 53% of those ages 30-49 say they play video games often, and roughly a quarter of Americans ages 65 and older also say they play video games at least sometimes. Mobile games have the potential to engage diverse groups of participants in interventions that otherwise may not be willing or able to participate in prevention programs. Mobile interventions have the potential to reinforce skills learned in the clinic and require fewer resources to deliver patient-centered, evidence-based interventions (Lee & Peng, 2006) . Gaming and mobile apps also have the potential to advance the delivery of information and promote healthy decision making in disproportionately affected populations, including disadvantaged urban and minority youth that often have less access to medical care and support (Lenhart et al., 2008) . National data indicates that younger, ethnic and racial minority populations use smart phones frequently and some data show that African American youth are more likely to be mobile phone users than their Caucasian peers (Lenhart et al., 2008; Anderson, 2015) . The adolescents and young adults in this study repeatedly expressed having access to, and familiarity with, iPhones. This wide-spread use of iPhones facilitates the uptake of gaming apps in clinical populations. Therefore, mobile technologies, like smart phone games and apps, have a great potential to enhance medical care for populations who are disproportionately affected with HIV.
Limitations
Findings should be interpreted in light of study limitations. This study had a small sample and limited power, so findings will need to be replicated. Our participants in this RCT were recruited from Jackson, MS. Therefore, this sample is not representative of all HIV clinics in the United States or internationally and the generalizability of the data collected to inform the development of the app is unknown and may be limited. However, the importance of intervention among those living in the southern United States should be underscored as eight of the ten states with the highest rates of new HIV diagnoses are in the South. There is no perfect measure of adherence and the assessments by selfreport and Wisepill differed at all time points. Self-report of adherence remained high for all 16 weeks of the study but systematically declined as measured by Wisepill. Some participants reported that they grew tired of using Wisepill and others enjoyed the fact that its use led to personalized text messages in BattleViro. This discrepancy between self-report and Wisepill measurement is not unexpected as previous studies have shown that self-report of medication adherence tends to overestimate adherence behavior compared with other assessment methods. (Stirratt et al., 2015) The lack of a perfect measure of adherence limits our ability to examine the impact of purported intervention mediators (e.g., knowledge, social support). This study also focused on adolescent and young adult patient perspectives. It may be equally important to integrate caregiver perspectives into the game. Perspectives of family and friends could also lead to a more robust understanding of barriers and facilitators to adherence to medication and treatment for YLWH. Therefore, future research could examine the utility of integrating feedback from caregivers, and friends into the gaming/app. Finally, this app was developed for the iPhone. Development of the app for Android devices could allow for greater availability of the game and could be a forthcoming step in the future phases of research.
Conclusions
Despite these limitations, this study is a significant step in working toward app/gaming intervention to promote adherence to ART for youth and young adults living with HIV. The long-term goal of this research program is to test our mobile game, Battle Viro in a larger multi-site randomized trial, and if effective, prepare of intervention dissemination. There are many advantages to using newer interactive technology to improve adherence, rather than traditional face-to-face counseling, including scalability, efficiency, and cost effectiveness. Since electronic games are highly appealing to adolescents and young adults (Lieberman, 1997) they are a natural opportunity to deliver health education during leisure time and outside of the clinic (Hightow-Weidman et al., 2017; Lieberman, 1997 Lieberman, , 2006 Raney et al., 2006; Thompson et al., 2010) . We are not aware of other adherence interventions that integrate medication adherence monitoring technology, text messaging, and a theoretically informed game to improve information, motivation, and behavioral skills for ART adherence. An intervention with these components may engage and empower HIV infected adolescents and young adults, build resilience, and result in improvements in health.
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